A nterior cruciate ligament (ACL) rupture is a serious knee ligament injury, causing severe functional problems that seem to be unrelated to the degree of knee joint laxity. 1 The re-establishment of neuromuscular control of the lower extremity has recently been recognized as one of the keys to restoring dynamic joint stability and functional movement patterns. 2,3 Neuromuscular control results in avoidance of subluxations, 4 with the subsequent reduced risk of further injuries. Lack of neuromuscular control of the lower extremity and muscle strength (forcegenerating capacity) are 2 of the main impairments following ACL injury and, therefore, are often a component of rehabilitation after the injury. 2, 5, 6 Activities of daily living and sport activities require coordinated neuromuscular control and muscle strength sufficient to perform the required movements and activities. Therefore, the aim of rehabilitation programs for people with ACL injury is to normalize dynamic knee joint stability and muscle strength of the lower extremity.
Some authors 7, 8 have reported differences in neuromuscular performance in ACL-deficient and reconstructed knees. Other authors 9 have highlighted the importance of regaining quadriceps femoris muscle strength following ACL reconstruction. Therefore, both muscle strength training (ST) programs and neuromuscular training (NT) programs have been implemented to restore knee function after ACL injury and reconstruction. Several NT programs have been evaluated for injury prevention 10,11 and for patients with ACL deficiency, 12,13 but these programs have not been studied thoroughly in subjects with ACL reconstruction. 14 To our knowledge, only 2 randomized controlled trials 14, 15 have been conducted on NT versus traditional ST programs. Therefore, more evidence for differences among the exercises used in clinical practice today for rehabilitation after ACL reconstruction was needed.
We hypothesized that NT programs would be superior to traditional ST programs for restoring knee function. The primary objective of this study was to determine the effect of an NT program versus a traditional ST program on knee function (Cincinnati Knee Score) 16 following ACL reconstruction. A secondary aim was to evaluate the effect on muscle strength, other patient-related outcome measures (visual analog scale [VAS] and 36-Item Short-Form Health Survey ), 17 pain, functional performance (hop tests), proprioception, and balance.
Material and Methods

Subjects
Seventy-four subjects (27 female and 47 male) with a mean age of 28.4 years (rangeϭ16.7-40.3) were included in this single-blinded, randomized controlled trial. All subjects were scheduled for ACL surgery at our hospital, were between the ages of 15 and 40.9 years, were candidates for arthroscopic reconstruction of the ACL using an autogenous bone-patellar tendon-bone (B-PT-B) graft, and lived close enough to participate in rehabilitation at the 2 outpatient clinics included in this study. The B-PT-B graft was the reconstruction method of first choice at our hospital. Subjects were excluded if the ACL tear had occurred more than 3 years prior to surgery, they had tears of the menisci that required repair, they had previous injury or surgery to either knee, there was evidence of degenerative arthritis on radiographs or articular cartilage fissures extending to subchondral bone, or exposed bone was seen on arthroscopy (grade IV).
Procedure
Before discharge from the hospital, the subjects were randomly assigned to participate in 1 of the 2 rehabilitation programs. The participants of the NT program were 13 female subjects with a mean age of 27.2 years (rangeϭ20.6 -37.9) and 26 male subjects with a mean age of 27.7 years (rangeϭ16.7-39.6). The participants of the ST group were 14 female subjects with a mean age of 26.5 years (rangeϭ19.8 -38.0) and 21 male subjects with a mean age of 31.2 years (rangeϭ19.4 -40.3). Both groups were given specific instructions by the research assistant for the completion of the exercise routines. Simple randomization was used by our statistician using a computer-generated table of random numbers. One investigator kept the assignment scheme and provided the assignment to the treating physical therapists in a series of consecutively numbered opaque envelopes. Allocation was concealed from the outcome assessor and participants at all times and from the physical therapist until the point of treatment.
Sample size was calculated based on the Cincinnati Knee Score as the main outcome measure and on a predetermined difference between treatment groups of 10 points change on the Cincinnati Knee Score. This figure was based on the results of a previous study by our group 18 and a comparative study 19 and was considered to be clinically relevant. A standard deviation of 13 points for the Cincinnati Knee Score was used in our power calculations based on previous studies. 9, 20 To detect a difference of this magnitude with a power of 90% at the PϽ.05 significance level, 36 subjects were needed in each group, requiring a minimum of 72 subjects. We initially aimed for 100 subjects to allow for dropouts.
Both rehabilitation programs lasted for 6 months, which is the customary length of time for rehabilitation programs after ACL surgery in Norway. No knee braces were used folNeuromuscular Versus Strength Training After ACL Reconstruction lowing the knee surgery or during the rehabilitation program.
Two sets of 2 senior expert physical therapists completed preoperative and follow-up test examinations, all masked to the randomization procedure and group allocation. Each subject was tested preoperatively for baseline measurements and returned for follow-up evaluations at 3 and 6 months. The rehabilitation programs were administered at 2 outpatient rehabilitation centers (the ST program at the Norwegian Sport Medicine Clinic and the NT program at the Department of Physical Medicine and Rehabilitation, Ullevaal University Hospital). At each center, 2 physical therapists were responsible for the rehabilitation program. All subjects signed an informed consent form prior to participation.
Knee Function-Outcome Measurements
The Cincinnati Knee Score was the primary outcome measurement. This instrument has been well-validated as an outcome measure. 9, 16, 18 The questionnaire consists of the following variables: pain, swelling, giving way, general activity level, walking, stair climbing, running, jumping, and twisting activities. The maximum score is 100 points, indicating a normal knee. The Cincinnati Knee Score has shown good reliability, with an intraclass correlation coefficient (ICC) of .88 for test-retest reliability. 21 Two VASs were included: one for pain intensity and one for global knee function. For both scales, the subjects made a mark on a 100-mm line between 2 extremes. For pain intensity, the subjects were asked to rate their pain intensity during activities or immediately after activities on the VAS, with 0 representing no pain and 100 representing worst pain ("as much pain as one can possibly imagine"). 22, 23 For the VAS for global knee function, 0 represented the worst possible knee function and 100 represented the same knee function as prior to the knee injury. 18, 24 To our knowledge, the reliability of data for the VAS for global knee function, where the subjects themselves marked a line on a 100-mm line, have not been examined, but some authors 25 have reported reliability data for a numeric VAS, and other authors 26 have reported reliability data for a knee questionnaire using VAS responses for the items.
Muscle strength measurements of the quadriceps femoris and hamstring muscles were obtained using the Cybex 6000* isokinetic dynamometer 27, 28 preoperatively and at the 6-month follow-up. The test protocol consisted of 5 repetitions at an angular velocity of 60°/s (strength) followed by a 1-minute rest period and 30 repetitions at 240°/s (endurance). The parameter used for analysis was total work. 27 Side-to-side differences in strength between injured and noninjured legs were calculated using the strength index: (injured leg/noninjured leg) ϫ 100. Previous work has shown good to high reliability for isokinetic muscle strength tests, with ICCs ranging from .81 to .97. 29 Balance was recorded using static and dynamic balance tests on an instrumented unstable platform (KAT2000 † ), which has been evaluated in previous studies. 30, 31 The KAT2000 is a circular platform on a base of a pneumatic bladder, inflated with air to adjust for test difficulty and to allow for normalization to the subject's body weight. A tilt sensor on the platform was connected to a computer, which registered the deviation of the platform from a reference position 18.2 times each second. The distance from the central point to the reference position was measured at every registration. From the summation of these distances, a score-the balance index-was calculated. A low balance index indicates good ability to perform the balance task.
Each subject completed a 1-leg static balance test on each leg (3 trials on each leg) and a 2-leg dynamic test (3 trials). The average of the 3 trials was used as the balance index. The position of the feet was recorded, and the same position was identified at the follow-up tests. The subjects were not given any practice trials prior to the testing, but they received thorough information on what to do during the test. Hansen et al 30 reported that, for a group of 25 subjects tested on the KAT2000, a diminution of 12% from test to retest was needed for the dynamic balance test and a diminution of 15% from test to retest was needed for the static balance test to detect changes in balance due to interventions; otherwise, the changes probably would be due only to test or subject variations. However, no other reliability data for the KAT2000 have been reported.
Proprioception was evaluated using a joint kinesthesia measure called the "threshold to detection of passive motion" (TTDPM) device. 32, 33 The device moves the knee joint into flexion or extension with a constant angular velocity of 0.5°/s. All testing was performed at a starting position of 15 degrees of knee flexion. Subjects were told that either leg could move into flexion or extension beginning at a random time interval between 0 and 45 seconds after the examiner started the test. Once the subject detected motion of the leg, a button was pressed and the subject stated which leg was moved and in which direction (flexion or exten-sion). Each trial consisted of 3 repetitions for each of the 4 motions (flexion and extension of both legs), resulting in a total of 12 repetitions. In the case of incorrect identification of the motion, the repetition was returned to the randomization list so that 3 correct repetitions of each motion were completed. The number of incorrect responses was recorded. A reliability coefficient (ICC) of .83 has been reported for the TTDPM. 33 Knee performance was tested with 3 functional knee tests (one-leg hop test, triple-jump test, and stair hop test) that were used in previous ACL studies. 34, 35 The one-leg hop and triple-jump tests were performed 2 times on each leg, and the best value (distances measured in centimeters) was recorded. For the stair hop test, the subjects were asked to hop up and down 22 steps (step heightϭ17.5 cm) on one leg and to repeat the activity on the other leg (time measured in seconds). For all 3 functional tests, the procedure was first performed on the noninjured leg followed by the injured leg. Sideto-side differences in performance between noninjured and injured legs were calculated using the index: (injured leg/noninjured leg) ϫ 100. The one-leg hop test has shown good reliability, with ICCs ranging from .97 to .99. 36 Reliability coefficients (Pearson r) ranging from .81 to .97 have been reported for the triple-jump test and the stair hop test, with coefficients of variation ranging from 2.1% to 3.8%. 37 Health-related quality of life was assessed using the SF-36. 17, 38 The instrument is divided into 8 subscales (physical function, role limitationsphysical, role limitations-emotional, bodily pain, general health, vitality, social function, and mental health). Each subscale of the SF-36 is scored on a scale of 0 to 100, with the higher the score, the better the person's health status. Reliability for the Norwegian version of the SF-36 has been documented using the Cronbach alpha. 39 All 8 subscales have been reported to exceed the .70 standard for group comparison, and the Cronbach alpha exceeded the .90 standard for individual comparisons on the physical functioning subscale. 39 Finally, knee joint laxity was recorded using the maximum manual KT-1000 ‡ knee arthrometer test. 40 The KT-1000 arthrometer has shown to be a reliable instrument, with reported ICCs between .91 and .97 29 for the involved knee, and with better interrater reliability for expert raters compared with novice raters. 41
Rehabilitation Programs
Current research on the effects of NT and ST; knowledge about graft healing; research on proprioception, neuromuscular control, and quadriceps femoris muscle strength deficits after ACL reconstruction; and our clinical experience were considered during the design of our rehabilitation programs. The traditional ST program was widely used when we started the study, whereas the neuromuscular exercises had started to be used in physical therapist practices. We included a 6-month rehabilitation program in this study because of the current practice in Norway in which all individuals undergo a 6-month supervised rehabilitation program after ACL reconstruction, which is covered by the social security system. The subjects were hospitalized for 1 to 3 days following ACL reconstruction. After being discharged from the hospital and until the rehabilitation program started at the outpatient clinic, the subjects carried out a home program with the main focus on restoring full range of motion (ROM) and swelling reduction. Both rehabilitation programs started the second week after surgery at the outpatient clinics, with treatment sessions 2 to 3 times a week, and continued for 6 months. To reduce swelling, we recommended that the subjects keep the injured leg elevated and perform ankle plantarflexion and dorsiflexion ROM exercises and isometric quadrciceps femoris and hamstring muscle exercises. Crutches also were used to reduce swelling and to improve gait. Full knee extension is the most important goal the first week of rehabilitation. Gravity is used to restore full knee extension by the use of 2 chairs, with the leg elevated on a hard pillow under the heel when sitting or with the leg elevated on the edge of the bed in a supine position.
NT program. The NT program was divided into 6 phases of 3 to 5 weeks each and consisted of balance exercises, dynamic joint stability exercises, plyometric exercises, agility drills, and sport-specific exercises (Appendix 1). 42 Subjects who developed pain, swelling, or ROM deficits underwent interventions (cryotherapy, patellofemoral taping, and ROM exercises) until these impairments were resolved. In addition to amount of pain and swelling, criteria used to determine readiness for progression were the ability to maintain balance of the position (static balance) before movements were superimposed on the position (dynamic balance) and awareness of the position of the body in space before tolerating movements or perturbations.
Balance exercises included singleand double-leg stance on even, flat surfaces, with progression to balance on a mat, a wobble board, and a trampoline. Some of the dynamic joint stability exercises were performed using vectors on the floor to reference the start and the direction of the exercises described by Gray. 43 Plyometric exercises (jump training ‡ MEDmetric Corp, Street 7542 Trade St, San Diego, CA 92191.
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exercises) were used to improve or change technical performance and to improve shock absorption during landing. Furthermore, agility training exercises were included to allow the subjects to adapt to quick changes in direction and to acceleration and deceleration during cutting activities. Further details of the rehabilitation program and the specific exercises are available elsewhere. 42
ST program. The ST program consisted mainly of ST exercises of the lower-extremity muscles, with emphasis on the quadriceps femoris, hamstring, gluteus medius, and gastrocnemius muscles. All exercises in the ST program were based on American College of Sports Medicine (ACSM) recomendations 44 and current practice in our clinic for people with ACL reconstruction. Subjects who developed pain, swelling, or ROM deficits underwent treatments until these impairments were resolved. This program has not been described or published previously, and the exercises are described in Appendix 2.
The ST program was divided into 4 phases. The goal of phase 1 was to reduce swelling and increase ROM, especially knee extension ROM. Exercises in phase 1 were ROM exercises in prone and supine positions, in addition to the use of a stationary bicycle. Initially, subjects used the stationary bicycle with a pendulum movement. After the training sessions, cold therapy was applied for approximately 20 minutes.
Phase 2 started when pain and swelling were reduced. Weight bearing during the exercises was emphasized to normalize gait and to control knee movements. The "knee over toe" position, core stability with pelvic and hip control, subjects' awareness of position of lower-extremity joints, and changes in weight bearing during the exercises were emphasized during the training sessions. A mirror was used to provide feedback and to ensure correct movements. If the subjects did not perform the exercises as intended, they returned to those exercises that they were able to perform in a controlled manner. Instructions such as "knee over toe" and "hips in plane" were commonly used during the exercises.
In phase 3, a full ST program was introduced in addition to one balance exercise (single-leg stance balance exercise in a pulley apparatus). Moderate-to high-intensity ST was included based on each subject's abilities to tolerate increased loading (weights). Recommended frequency and dose of exercises (3 sets, 2-3 days a week, of 50%-80% of their 1-repetition maximum) 44 were used, starting out with 12 to 15 repetitions and progressing to fewer (8 -12) repetitions. When the subjects performed the exercises in a controlled manner, weights and resistance were increased. After 13 to 16 weeks, depending on their knee function and lower-extremity performance, the subjects started running on a treadmill with a few degrees of inclination to reduce the stress on the ligamentum patellae. Increased running distance, speed, and inclination were used, depending on their knee function and their preinjury activity level.
In phase 4, the ST exercises involved decreased repetitions and increased weights (3 sets of 6 -8 repetitions), which were individually adjusted. For subjects who wanted to return to sports, sport-specific exercises based on their previous sport activities were introduced.
Adherence to the Rehabilitation Programs
Each subject was required to fill out daily log sheets at the outpatient clinics to document their adherence to the rehabilitation program in addition to other exercises or training that they did elsewhere. This information was reviewed by the physical therapist initially and by the research assistant on a weekly basis. The training diary included both number of visits for physical therapy intervention and hours spent exercising during the rehabilitation program, in addition to number of other exercise sessions and hours spent doing other exercise activities. Eighty percent adherence, meaning 80% of the recommended physical therapy visits (2 times a week for 6 months), was set as the definition for being adherent to the rehabilitation program.
Data Analysis
Data were analyzed using a repeatedmeasures analysis of variance (ANOVA) with time as the repeatedmeasures factor for the outcome measures at the 3-and 6-month follow-ups and as the betweengroups factor for rehabilitation programs (NT and ST). In addition, Student t tests were used to determine group differences (NT and ST) at the 6-month follow-up as well as for time of test differences. Mann-Whitney U tests were used when parametric assumptions were not fulfilled. Effect size was calculated using change in scores divided by standard deviation at baseline. 45 An effect size above 0.8 refers to a large change, and an effect size above 0.6 refers to a moderate change. 45 A probability level of PϽ.05 was used to show statistical significance.
Results
Eighty-one subjects were eligible for the study based on the inclusion criteria and preoperative evaluation. After application of intraoperative exclusion criteria, 74 subjects were ultimately included in the study and randomly assigned to the ST group (nϭ35) or the NT group (nϭ39).
The 7 subjects who were tested preoperatively but not included in the Neuromuscular Versus Strength Training After ACL Reconstruction study had a hamstring muscle graft (surgeon was not aware of the fact that the subjects were eligible for the study), had a cartilage injury down to subchondral bone, did not have a complete ACL injury, did not show up at the time of surgery, or had a meniscus repair. Mean time from injury to surgery was 46.4 weeks (rangeϭ7.4 -152.9), and there were no significant differences between groups. Thirty-four subjects (46%) had meniscus injuries, and 29 subjects (45%) had grade I, II, or III cartilage injuries. Nineteen subjects (30%) had both meniscus injuries and cartilage injuries. All of the meniscus injuries were debrided, and no additional treatment was required for those with cartilage injuries.
One subject who was included in the study moved out of the city soon after surgery. She could not attend the rehabilitation program and did not return for follow-up examination. Sixty-seven subjects (92%) returned for follow-up examination at 3 months, and 65 subjects (89%) returned for follow-up examination at 6 months. Of the 7 subjects who did not return for the 3-month follow-up examination and the 9 subjects who did not return for the 6-month follow-up examination, only 4 subjects (5%) did not return for reexamination after surgery (either 3-or 6-month follow-up).
After subject number 47 had been included, the proprioception device failed and was unable to be repaired within the time frame of the study. As a result, proprioception data were available only for the first 47 subjects. Similarly, the KAT2000 failed after subject 51 was included, and data were available only for the first 51 subjects.
Preoperatively, there were no significant differences between the 2 groups with respect to sex, age, time from injury to operation, knee joint 
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laxity, activity level, or any of the other variables that were measured (Table) . At 3 months, there were no significant differences between the NT group and the ST group for any of the outcome measurements (Table) .
At the 6-month follow-up, after the intervention was terminated, there were significantly improved Cincinnati Knee Scores for the NT group compared with the ST group (Pϭ.01) (Figure) . The effect sizes for the Cincinnati Knee Scores were 0.89 for the NT group and 0.65 for the ST group. The NT group also had significantly improved VAS scores for global knee function compared with the ST group (Pϭ.02). The effect sizes were 1.3 and 1.0 for the NT group and the ST group, respectively. There were no significant differences between the 2 groups for pain at rest or pain during activity. The effect sizes for pain during activity were 0.55 for the NT group and 0.46 for the ST group. Furthermore, there were no significant differences between the 2 groups for any of the muscle strength variables or any of the other secondary outcome measures. Both the functional knee tests and the quadriceps femoris muscle strength data showed that there was significant decline in knee function from the preoperative period to the 6-month postoperative period in both groups. These data are in accordance with the findings of our previous study 9 showing that patients are not back to normal strength or knee function 6 months after surgery.
The effect sizes for the dynamic balance tests showed a small change for the ST group from baseline to 6 months (effect sizeϭ0.46) and a moderate change for the NT group from baseline to 6 months (effect sizeϭ0.60). The effect sizes for the involved leg and the uninvolved leg for the static balance test showed a similar change for both legs from baseline to 6 months (effect sizes of 0.52 and 0.48 for the involved leg and uninvolved legs, respectively, in the ST group and effect sizes of 0.49 and 0.50 for the involved and uninvolved legs, respectively, in the NT group).
Twenty-four subjects in the ST group (77%) and 34 subjects in the NT group (100%) turned in the daily log sheets for program adherence data. There were no significant differences in the number of weeks that the subjects participated in the rehabilitation program between the ST group (20.4 weeks) and the NT group (18.8 weeks) (Pϭ.30). However, the number of physical therapy visits was significantly higher for the ST group (57.6 visits) than for the NT group (42.2 visits) (Pϭ.001), and the mean number of hours spent at the physical therapy outpatient clinic was 62.9 hours for the ST group and 43.8 hours for the NT group (Pϭ.002). There were no significant differences between the 2 groups regarding number of other exercise sessions or hours spent doing other exercises (Pϭ.09 for the ST group and Pϭ.38 for the NT group). The mean number of other exercise sessions and the mean hours spent doing other exercises were 22.0 exercise sessions and 16.2 hours, respectively, for the ST group and 12.9 exercise sessions and 11.0 hours, respectively, for the NT group. In the ST group, 91% of the subjects were categorized as adherent to the rehabilitation program. In the NT group, 71% of the subjects were categorized as adherent to the rehabilitation program.
Discussion and Conclusions
The results of this study indicated that, although there were small differences between the NT program and the ST program, the NT program was superior to the ST program in improving knee function after ACL reconstruction. Our main hypothesis in this study was supported. Subjectreported knee function after ACL reconstruction (as measured with the Cincinnati Knee Score and VASs) was significantly better after 6 months of the NT program compared with 6 months of the ST program. The magnitude of the treatment effect (effect size) for the NT group indicated a large change in subject-reported knee function compared with a moderate treatment effect for the ST group according to the Cohen index. 45 However, there
Figure.
Cincinnati Knee Score at 3-and 6-month follow-ups for the strength training (ST) group and the neuromuscular training (NT) group. Asterisk indicates significant differences between groups at 6 months (Pϭ.01).
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were no differences between the 2 groups for the other secondary outcome measures and no significant differences early (3 months) after surgery. Both training programs provided similar improvements in strength, balance, proprioception, and hop tests.
Previous investigations of the effect of neuromuscular training 13, 46, 47 have examined subjects with ACL deficiencies. Despite some limitations in these studies, they all demonstrated significantly improved knee function for rehabilitation programs including neuromuscular exercises compared with only strength training exercises for subjects with ACL deficiencies. To our knowledge, only 2 randomized controlled trials 14,15 have been published on the effect of neuromuscular training after ACL reconstruction. Neither of these studies had baseline data (preoperative data), and both studies had major limitations. The study by LiuAmbrose et al 14 gave limited information on the clinical effect of neuromuscular training, included only 5 subjects in each group, and included the intervention more than 6 months after surgery. They used peak torque time of the hamstring muscles as the main outcome measure, in addition to concentric and eccentric torques of the quadriceps femoris and hamstring muscles, one-legged singlehop test, and Lysholm scale score. The NT group demonstrated a greater percentage of change in isokinetic torques compared with the ST group, but there were no significant differences between the groups for functional ability or subjectreported knee function (Lysholm scale score). The study probably had limited power to detect any differences in Lysholm scale scores or other knee function tests. They concluded that NT alone induced isokinetic strength gains and that restoring and increasing quadriceps femoris muscle strength is essential to maximize functional ability of the reconstructed knee joint.
Cooper et al 15 studied the effect of an NT program versus a traditional ST program during a 6-week intervention (nϭ15 in each group). The subjects were included 4 to 14 weeks after surgery; the power analysis was based on hop tests, which were included as a outcome measure only at follow-up, and the ST group was significant younger than the NT group. The authors used 2 different graft types (hamstring and patellar tendon), there were more female subjects in the ST group compared with the NT group, and they included only subjects who could walk without crutches, had full ROM, had no quadriceps femoris muscle lag, and had minimal joint effusion. The authors reported no strength measurements, and there were no differences between the 2 groups at follow-up regarding the hop tests. The ST group, however, had less swelling and improved walking and squatting compared with the NT group. Cooper et al concluded that there appeared to be no benefit of performing NT early after ACL reconstruction. Similarly, we found no differences between the 2 rehabilitation groups at 3 months after surgery, but a prolonged rehabilitation program (up to 6 months) seemed to add some benefit for the NT group.
To our knowledge, this is the first randomized controlled trial examining differences between a prolonged rehabilitation program including dynamic knee stabilization exercises, balance exercises, and jump training exercises and a program using primarily ST exercises-2 commonly used exercise programs after ACL reconstruction. The strength of this study, as compared with the 2 previous studies, 14,15 is the length of the rehabilitation program, the number of subjects included in each group based on power analysis, the baseline measurements obtained preoperatively, and the thorough description of both rehabilitation programs. However, there were similarities between the 2 rehabilitation programs that could have had an effect on the lack of differences between the 2 groups. The strength exercises included information to the subjects on controlled knee movements, core stability with pelvic and hip control, and subjects' awareness of position of lower-extremity joints. This information is considered necessary for optimal performance and joint loading during strength exercises. However, this information could be regarded as instructions to improve dynamic stability of the lower extremity during exercises such as squatting and step-up. Additionally, one balance exercise was included in the ST program ("single-leg stance balance exercises," see Appendix 2). Clinical practice today usually includes both strength exercises and neuromuscular exercises, 48 therefore, our aim was to examine potential differences between these 2 common types of exercises included in rehabilitation programs following ACL reconstruction.
Despite some similarities, there were obvious and significant differences between the 2 rehabilitation programs regarding both the type of exercises and the criteria for progression for the ST exercises versus the NT exercises. All the exercises in the NT program were aimed at increasing the individual's ability to dynamically stabilize their knee during activities, 49 activities starting with static balance with progression to dynamic balance (ie, more multifaceted balance exercises and complex jump exercises). Criteria for progression of the exercises in the NT program were control of movements, the subjects' ability to maintain balance of the position before movements were superimposed on the Neuromuscular Versus Strength Training After ACL Reconstruction position, and awareness of the position of the body in space before tolerating movements or perturbations. Exercises progressed from exercises performed on an even surface to exercises performed on different uneven surfaces and from jump exercises on 2 legs to jump exercises on 1 leg, increased hop distance for both horizontal and vertical jumps, and jumps with change in directions.
The progression for the strength exercises was based on the ACSM's recommendation of dose response with increased weights and decreased number of repetitions. 44 Based on the goals for the ST program included in this study, we probably have expected a larger strength gain in the ST group compared with the NT group. After 6 months, there were no differences between the 2 rehabilitation programs for the muscle strength tests performed. However, the NT exercises included plyometric or jump training exercises. Plyometric exercises, involving prestretching the muscle and activating the stretch-shortening cycle to produce a subsequent stronger concentric contraction, have been shown to increase muscle strength. 50 Adams et al 51 showed that the combination of plyometric exercises and traditional strength exercises such as the squat and leg press are superior in increasing muscle strength compared with only traditional ST exercises. Both traditional muscle strength exercises and plyometric exercises probably should be included in rehabilitation programs to improve muscle strength.
The significant differences between the 2 rehabilitation programs seemed to appear from 3 to 6 months after surgery, not immediately after surgery. It could also be that the first 3 months were decisive for the functional response from 3 to 6 months after surgery, but this study cannot answer that question. The exercises included in the NT program during the "running, jumping, and agility" phase, from 3 months to 6 months, seemed to result in a significantly improved subject perception of knee function compared with traditional ST exercises and the running exercises on the treadmill included in phases 3 and 4 of the ST program.
The 2 rehabilitation programs were carried out at 2 different outpatient clinics. This limitation was considered at the start of the study, but due to possible problems with communication between subjects performing 2 different rehabilitation programs at the same clinic, 2 different clinics were chosen. Furthermore, the physical therapists who administered the NT program were more familiar with those exercises and less experienced with only strength exercises. The physical therapists who were responsible for the ST program were more experienced in ST exercises, but also had some experience in NT. The physical therapists who were responsible for the 2 different programs were senior physical therapists and were all very experienced.
There also were some differences in facilities between the 2 outpatient clinics. The ST program was carried out in a larger facility with more training equipment and more ST equipment in particular compared with the clinic where the NT program was performed. This might be the reason for the significantly higher number of visits and hours spent at the outpatient clinic for the subjects in the ST group compared with the NT group. Based on the daily log sheets turned in, the adherence data indicate high adherence to both rehabilitation programs (42 visits for the NT groupϭ88%, 58 visits for the ST groupϭbetter than 100%). However, more subjects in the NT group turned in the daily log sheets (100%) compared with the ST group (77%). Most of these factors should have indicated a better potential for the subjects in the ST group to achieve better knee function, but it was the NT group that perceived significantly improved knee function.
Some other limitations of the study also need to be addressed. The most common error made or conclusion drawn from the results of a randomized controlled trial is the type II error. Power calculations were undertaken regarding the main outcome measurement in this study, and, despite the fact that there were some dropouts at the 3-and 6-month follow-ups, a significant difference was detected for the Cincinnati Knee Score. The study did not include power calculations for the secondary outcome measures, and a significant difference was detected between the 2 groups only for the VAS for global knee function. According to Hansen et al, 30 26 subjects should have been included to detect a significant difference between groups for the dynamic test, and 119 subjects should have been included for the static test. At the 6-month follow-up, 21 subjects in the ST group and 17 subjects in the NT group were tested on the KAT2000. The lack of differences between the 2 rehabilitation programs for the other outcome measures could be due to lack of power for these outcome measures, to similarities between the programs (these potential limitations have been addressed above), or to the fact that the other outcome measures were not sensitive enough to detect differences. Biomechanical and motion analysis studies probably should have been included to be able to answer this question. Previous motion analysis studies 4,52 have investigated changes in knee biomechanics during gait and hop tests and have demonstrated significant changes in movement patterns for perturbation training and jump training exercises.
This is, to our knowledge, the first randomized controlled trial evaluating the effect of prolonged NT exercises compared with traditional ST exercises starting after ACL reconstruction and including preoperative data on knee function. There were no differences between the 2 programs early after surgery, but a significant benefit of NT exercises was recorded by the Cincinnati Knee Score and VAS after the intervention, at the 6-month follow-up after surgery. There were no differences for any of the other outcome measures. Long-term follow-up is needed to determine whether this modest difference in favor of the NT exercises has any long-term consequences. Further research also is needed to disclose possible mechanisms for these different exercises. 
